. Detection of transovarial transmission of dengue virus in Aedes spp. (Diptera: Culicidae) from Brontokusuman Village, Yogyakarta, Indonesia. Biodiversitas 20: 2061-2067. Dengue Hemorrhagic Fever (DHF) is an infectious vector-borne disease. It is caused by dengue virus infection through the vector of Aedes spp. Dengue virus can be transmitted transovarially from infected female mosquitoes to their eggs. The presence of transovarial transmission allows maintenance of serotypes of dengue virus in nature. Detection of transovarial transmissions can be used to predict disease outbreaks as an effort to control the dengue virus. Dengue control is generally carried out through control of dengue vectors (mosquitoes) with environmental management, the use of chemical agents (insecticides) and biological control. This study was conducted to determine the existence of transovarial (vertical) transmission, factors affecting it and the resistance status of Aedes spp. against cypermethrin insecticide (pyrethroid) in Brontokusuman Village, Mergangsan Sub-district of Yogyakarta, Indonesia. The study was conducted from September 2018 to February 2019 with larvae sampling in 100 houses. The adult Aedes spp. mosquitoes were used as the sample of immunohistochemical methods and bioassay to get the mosquito resistance status against cypermethrin. The transovarial transmission of dengue virus in Aedes spp. from Brontokusuman Village was found in 3 of 100 samples of Aedes spp. mosquitoes, and the TTI value (Transovarial Transmission Index) was 3%. The transovarial transmission is influenced by the density of the infected vectors, the condition of their eggs and the number of dengue cases. The bioassay test results showed that the resistance status of Aedes spp. can be presumed resistance against cypermethrin insecticide.
INTRODUCTION
Dengue Hemorrhagic Fever (DHF) is one of diseases of main focus in the health sector in Indonesia. At the beginning of dengue cases in Indonesia, there were only 58 cases. This number increased to 68,407 cases in 2017. Higher mobility and population density might be the possible causes behind the increase in DHF cases. The DHF cases also occurred in the Special Region of Yogyakarta with 1,642 cases, of which 394 cases occurring in the Yogyakarta city .
The DHF is caused by the dengue virus, with Aedes aegypti as the major mosquito vector. Another mosquito species, Aedes albopictus is suggested for being a secondary DHF vector. The spread of the virus can also occur through the intermediary of the A. albopictus mosquito. Both of these mosquito species can be found in the tropical area, by breeding larval phases in waterlogged places especially in containers (Ramadhani et al. 2017; Reiskind and Zarrabi 2012) .
The dengue virus is one of the genera of Flavivirus. The virus has four serotypes including DENV-1, DENV-2, DENV-3, and DENV-4 that has been classified according to their serological characteristics (Lee et al. 2013 ). The dengue virus is transmitted through the intermediary of Aedes spp. female while sucking the infected human blood (Kemenkes 2005) .
The transmission of dengue virus occurs through the process of horizontal and vertical transmission (transovarial). The horizontal virus transmission occurs when dengue viruses came from infected humans are transmitted to other healthy humans with vector intermediaries (Mardihusodo et al. 2007 ). On the other hand, transovarial transmission occurs when the dengue virus is transmitted by female mosquitoes to their offspring via eggs (Angel and Joshi, 2008) . The mechanism of transovarial transmission allows survival and maintenance of viruses in nature. The ability of eggs to survive in good or bad environmental conditions for long periods of time helps the virus survival and maintenance inside mosquito eggs (Mulyatno et al. 2012) . The existence of transovarial transmission has the potential to cause an increase in dengue outbreaks in endemic areas (Thavara et al. 2006) . Transovarial virus transmission has occurred in several areas in Indonesia. Pramestuti et al. (2013) reported that transovarial dengue virus infection in the Banjarnegara Regency area has been reached up to 11.79%. Transovarial transmission has also been found in the special region of Yogyakarta. A study conducted by Satoto et al. (2018) at Adisucipto Airport revealed that, the lowest percentage of the incidence of transovarial transmission has been reached to 16.1%. Transovarial transmission was also reported in the city of Yogyakarta with a percentage of 16.16% (Umniyati 2009 ). The existence of transovarial transmission is influenced by several factors, including the ability of the vector to transmit viruses, density and vector behavior (Yacoub and Farrar 2014) . The factors influencing existence of transovarial transmission are of two types namely climatic factors (temperature and humidity) and non-climatic factors (social factors) (Halstead 2008; Thongrungkiat et al. 2010) . Apart from these, dengue virus transmission is also caused by risk factors which include climate, rainfall, mobility, and population density (Depkes 2005) . Moreover, the morbidity and mortality of dengue virus infection can be influenced by host immune status, the dengue virus transmission, the virulence of dengue virus and local geographic condition (Depkes 2005) .
Detection of dengue virus transmitted in trans-ovaries can be developed as an effort to control their transmission. The earliest detection of the presence of dengue virus derived from mosquito eggs can be used to forecast the possibility of disease outbreaks (Rohani et al. 2007 ). Immunohistochemical methods on mosquito head squash or abdominal squash preparations can be used in virus detection process (Umniyati et al. 2008) .
The control of the spread of viruses is generally focused on controlling the mosquito vectors. Some efforts which were made to control the spread of viruses include environmental management, use of insecticides and biological control agents. However, the continuous use of insecticides for longer duration has developed resistance among mosquito (vector) to insecticides (WHO 2009 ).
This study was aimed to determine the existence of transovarial transmission of dengue virus, factors affecting and the resistance status of Aedes spp. (Diptera: Culicidae) against cypermethrin in the Brontokusuman Village of Mergangsan Sub-district, Indonesia, which is an endemic area of DHF in the Yogyakarta city.
MATERIALS AND METHODS

Study area
The study was conducted in Brontokusuman Village of Mergangsan Sub-district, Yogyakarta City, Indonesia ( Figure 1 ). The sampling was done in 100 houses which were selected randomly. Amount 100 houses can be divided to five sampling sites with 20 houses in each location and named as RW (Rukun Warga) RW 4, RW 7, RW 9, RW 13, and RW 18. 
Procedures
Mosquito larvae were collected from sampling locations and transported to Animal Systematic Laboratory of the Faculty of Biology, Universitas Gadjah Mada. These larvae were subjected to rearing procedures and then maintained until the adult stage. In laboratory, mosquito larvae were placed on water-filled plastic trays and then moved into the cages where they developed into adult mosquitoes. Let them breeding till F1 mosquitoes obtained. Only female mosquitoes from F1 generations were used as samples for immunohistochemical assay. The immunohistochemical assay and resistance status of the larvae collected in these place were carried out in the Parasitology Laboratory of the Faculty of Medicine, Universitas Gadjah Mada.
Immunohistochemical assay (ISBPC: Immunohistochemistry Streptavidin Biotin Peroxidase Complex) using the head squash method
Immunohistochemical assay method refers to the standard procedure of the Parasitology Laboratory, Faculty of Medicine UGM (Umniyati 2009 ). The female mosquitoes of F1 generation (adult stage) from Brontokusuman, along with positive and negative control were knocked down at first. The average age of female mosquitoes used was 7 days. It aims to give time for the dengue virus to replicate. The thorax and head of the mosquito were separated by using dissecting tweezers. The mosquito head was placed on the poly L-Lycin slide and covered with a cover glass, and then squashed (pressed slowly and carefully). The head squash preparations were fixed with cold absolute methanol and incubated for 5 minutes or until dry at room temperature. The preparation slides were washed with peroxidase blocking solution (PBS) with pH 7.4 for 5 minutes and then submerged and incubated for another 10 minutes. The slides were washed with running water and dried. The preparations slides were then washed again with PBS pH 7.4) for 5 minutes. After that 30 µL of blocking serum was added to each slide, mixed well and stored for 10 minutes on wet tissue paper. Monoclonal primary antibody was diluted with PBS (1: 10). About 100 ml of the diluted solutions were added to each slide and left for 1 hour on wet tissue paper. The preparations slides were washed with PBS (pH 7.4) for 2 minutes, 3 times. Then 50 mL of biotin was added to each slide and left for 20 minutes on wet tissue paper. The preparations slides were washed 3 times with PBS (pH 7.4) for 2 minutes. The 50 µl of streptavidin was added on each slide and left for 10 minutes on wet tissue paper. The slides again were washed with PBS (pH 7.4) for 2 minutes 3 times. Then 100 µl (Diaminobenzidine or DAB) was added to each slide and left for 5-10 minutes and were washed with running water and dried. The slides were treated with HE (Hematoxylin-Eosin) dye for 2 minutes and washed with running water and dried. The slides were dipped in absolute alcohol (95%), added with Canada Balsam, covered with cover glass and then dried. The ISBPC (Immunohistochemistry Streptavidin Biotin Peroxidase Complex) method was used to maintain positive and negative controls. The positive control was adult female A. aegypti mosquitoes that had been infected by Den-3 virus by interthoracic way. Before injected, the virus was inoculated in a gelatinous medium at least 5 days old. The DENV-3 serotypes include serotype of the dominant dengue virus found in Indonesia (Andriyoko et al. 2012 ). The negative control was adult female Culex sp. mosquitoes which are not a vector of dengue virus, so they do not contain dengue virus in their bodies. Both types of these mosquitoes were obtained from the Laboratory of Parasitology of the Faculty of Medicine, UGM.
Detection of cypermethrin resistance mechanism using biochemical assay
The mechanism of cypermethrin resistance through observation of enzyme monooxygenase activity, carried out by reference to the WHO method (2000) . The F1 mosquito larvae generation from Brontokusuman were crushed with 50 µl PBS and then diluted with 150 µl PBS. About 20 µl homogenate followed by 80 µl of phosphate potassium buffer was added into the well on the microplate. 200 µl mixture solution of TMBZ (Tetramethylbenzidine) and Sodium Acetate Buffer were added into the well. And then the 3% hydrogen peroxide was added to the well as much as 25 µl and left for 2 hours. The color intensity of the solution in the well was observed at 655 nm wavelength by an immunoassay reader.
Biological assay of resistance status against cypermethrin insecticide
Resistance status assay was carried out by bioassay referring to the CDC (Centers for Disease Control and Prevention) Bottle Assay Method (Brogdon and Chan 2010) . The cypermethrin (25 µg/l) was dissolved in acetone, with a concentration of cypermethrin in the mixture of 10 µg (CDC standard). The five test bottles were prepared of which 4 bottles of treatment were filled with 1 ml mixture of cypermethrin and acetone solution, whereas the 5th bottle was filled with 1ml acetone and served as control. The bottle was rotated and rolled so that the solution well covered to the wall of bottles. The bottles were labeled and kept for 24 hours. The ten female Aedes spp. mosquitoes were put in each bottle. This number of mosquito can be raised with reference to procedure given by which states that for the bioassay test 10-25 mosquitoes can be used. The bottles were covered with gauze. The number of knocked-down mosquitoes was checked every 15 minutes until 2 hours. Then the mosquitoes were moved into labeled paper cups and feed with sugar water.
Data analysis
Analysis of data so obtained from observations was determined qualitatively based on the color of the preparation. The percentage of transovarial transmission was calculated quantitatively by the Transovarial Transmission Index/TTI, with the following formula (Purnama et al. 2017) . TTI = (number of mosquitoes positive for dengue virus/number of mosquitoes examined) x 100%
The mechanism of cypermethrin resistance status using biochemical assay was analyzed from the results of the Absorbance Value (AV) with λ = 655 nm. The grouping criteria were divided into three categories, namely AV value < negative control mean + 3 SD means very sensitive; negative control level + 3 SD ≤ AV positive control rate categorized moderate resistant; AV > positive control rate means high resistant. The cut-off positive value was obtained from the mean AV value of negative control + 3 SD (Biswas et al. 2011) .
The resistance status of Aedes spp. against cypermethrin insecticide was determined by category based on the percentage of the mosquito mortality. The resistance status category was ≥ 98% means susceptibility, 80-97% means presumed resistance and < 80% means can be stated resistant .
RESULTS AND DISCUSSION
Detection of transovarial transmission dengue virus
From the result of ISBPC method, the head squash sample will be stained and change into brown color for positive sample and negative sample show violet or blue color. The result of observation of head squash microscopic preparations is shown in Figure 2 .
The immunohistochemical examination of dengue virus in Aedes spp. in the Brontokusuman revealed that the highest 7% TTI values were observed in RW (Rukun Warga) and while it was 5% in RW 13. In other three locations, RW 4, RW 9 and RW 18, there were no mosquitoes found positive for dengue virus, hence, the TTI value was 0% (Table 1) . Overall, 3 samples of positive dengue virus were found from 100 samples and the TTI value was 3%.
Resistance status to cypermethrin (Monooxygenase Enzyme Activity)
Biochemical assay was carried out to determine the mechanism of resistance in the Aedes spp. in the Brontokusuman Village. The chemical test based on enzyme activity monooxygenase was conducted to know the process of cypermethrin resistance. In the test were used 3 rd instar of Aedes spp. Larvae. The low to high resistance status found in every place (RW) of Brontokusuman Village. The Aedes spp. mosquitoes which are classified as highly resistant only found in RW 7 and RW 13 (Table 2 ). 
Cypermethrin resistance status of Aedes spp. mosquitoes
The resistance status of cypermethrin was carried out by bioassay method using 10 female mosquitoes of the Aedes spp. in each treatment. Classification of resistance status refers to which states that the average mortality value <80% includes resistance and mortality 80-97% presumed cypermethrin resistance. The test results showed that the resistance status of Aedes spp. in Brontokusuman can be presumed resistance to cypermethrin with a percentage of 80%, 50%, 80%, and 60%. The results of the cypermethrin test can be observed in Table 3 .
Discussion
The mosquitoes samples used for this study were obtained from larvae collected from five place (RW) of Brontokusuman. In the study, only female mosquitoes were used because the female mosquitoes played an important role in transmitting the virus while sucking blood. The average age of mosquitoes was 7 days with the aim to provide time for virus to replicate. The dengue virus enters the body of the mosquito and generally replicates in the salivary gland for 8-10 days (Sukohar 2014) .
The transovarial transmission test in the female mosquito's body was carried out by immunohistochemical assay using the Head Squash method. Dengue virus that replicates in the salivary gland, was also found in brain tissue (Mendoza et al. 2002) . The presence of dengue virus in the cells of brain tissue or caput can be detected with the head squash method. Appearance of brown cells in the head squash preparation indicated the presence of dengue antigen. The antigen reacts with the primary antibody. The presence of primary antibodies could be recognized by secondary antibodies labeled with biotin. The antibody complex binds to the enzyme HRP labeled streptavidin conjugate (Horseradish Peroxidase). This enzyme degraded the DAB (Diaminobenzidine) substrate and cause the brown appearance of cells (Widiastuti et al. 2012) . The cells in the preparation slide become blue colored dafter adding of HE (Hematoxylin-Eosin) dye if there is no dengue antigen.
In this research, the number of cells infected with the virus is less than normal cells (colored blue), indicated low number of viruses having the ability to infect cells. Dengue virus has not undergone complete replication to infect all of the cells. The presence of transovarial transmission can be determined by the TTI (Transovarial Transmission Index) by calculating the percentage of the number of positive samples of dengue virus (Purnama et al. 2017) . The positive samples were only found in mosquitoes from two RW with TTI in RW 7 of 10% and 5% in RW 13. There was no transovarial transmission of dengue virus in Aedes spp. from other three sampling locations. The TTI value obtained in this study was lower than the TTI value (16.16%.) of the city of Yogyakarta which was examined by Umniyati (2009) . The number of Aedes spp. mosquitoes that can transmit the dengue virus in Brontokusuman was low. The location and area of sampling can affect the existence of mosquito vectors. The DHF cases in Brontokusuman Village were observed lower than the DHF cases in the previous years. In other words, there were only few hosts (human) infected with the dengue virus.
The transovarial transmission of dengue virus was found only in two locations in Brontokusuman Village which indicate that there is a process of maintaining the virus. The viruses are transmitting in to eggs followed by further development into larvae, pupae, and mosquitoes that contain dengue viruses (Joshi et al. 2002) . The TTI values can be influenced by several factors including the density of vectors and the condition of eggs. If the number of vectors increases, the possibility of infection also increases. In the field sampling, the number of larvae obtained was few, so the potential for the virus transmission was also low. Low number of samples (20 only) can also be one of the possible reasons. There was a possibility, if the mosquito tested does not contain the dengue virus. Conditions of the eggs can also affect the sustainability of eggs (Joshi et al. 2012) . If the eggs are damaged, and cannot hatch, the number of larvae that hatch from infected eggs will decrease.
The resistance status of mosquito against cypermethrin insecticide was tested by biochemical and bioassay methods. Based on the biochemical assay (Table 2) , the F1 generation mosquitoes from the Brontokusuman Village were generally categorized to sensitive or susceptible against cypermethrin. The results revealed that the enzyme monooxygenase activity was still low. However, there were five mosquitoes which grouped into high resistance reflected high activity of monooxygenase enzyme. The high resistance status was only found in RW 7 and RW 13, while, RW 4, RW 9 and RW 18 were categorized as sensitive to moderate resistant. The results of individual mosquitoes/larvae used were different, so the level of resistance and activity of the monooxygenase enzyme was also different. Basically, biochemical method is specific to test of enzyme activity. Nevertheless, vector resistance to insecticides not only caused by increasing of enzyme activity, but also the presence of knockdown resistance gene (kdr) as genetic factors (Pradani et al. 2018) . The activity of enzymes monooxygenase will be highly related to the increased pyrethroid group resistance including cypermethrin (Pimsamarna et al. 2009 ). In the insect's body, the enzyme monooxygenase is able to detoxify the pyrethroid insecticide group (Scott 2008) .
In the bioassay method, 10 mosquitoes per sample were used to fulfill the requirement of minimum number as suggested by . However, this step was not applied to all RE samples due to the limited number of mosquito samples. From the bioassay results (Table 3) , it was known that the Aedes spp. mosquitoes from Brontokusuman Village have been presumed resistant to stated resistant against cypermethrin insecticide. There were ≤ 80% mosquito deaths from the total sample, so it could be classified as resistant. There were 50 and 60% of mosquito deaths recorded for the other replication and classified as presumed cypermethrin resistant. However, these results still need to be clarified again, with a greater number of samples and with increased dose (5 times the original dose) to determine the policy of using pyrethroid insecticides (Kemenkes RI, 2018) .
The Aedes spp. mosquito from Brontokusuman Village have shown resistance mechanism against cypermethrin insecticide, although the mechanism was not caused by increasing of the activity of monooxygenase enzyme. The vector resistance may affect the survival of mosquitoes infected with the virus. Because of those reasons, application of the cypermethrin as an insecticide needs to be reconsidered. The mosquitoes which infected with the dengue virus and categorized as resistant population had potential to remain in nature and transmission can occur higher. In the study, the high resistance mosquito population was found in the same location with the mosquito population which had transovarial transmission, so we must increase early awareness about mosquito-borne disease. The other ways such as rolling out or replacing cypermethrin with other kinds of insecticides or applying the other control methods, such as managing the environmental sanitation should be implemented.
Based on the research, it could be seen that the incidence of transovarial transmission of dengue virus in Aedes spp. mosquitoes from Brontokusuman Village was found in 3 of 100 samples, with a TTI value of 3% (low category). The existence of transovarial transmission was influenced by many factors such as the number of DHF cases, vector density, and condition mosquito eggs. The results of the resistance status of Aedes spp. against cypermethrin by bioassay showed that the Aedes spp. mosquitoes from Brontokusuman Village categorized as presumed resistant and can be stated resistant Increase in enzyme monooxygenase activity was observed in biochemical test. The bioassay results have shown that there are mosquitoes which resistant to cypermethrin, but it could not be related to the results from biochemical assay. Therefore, further research is needed.
